Objective: The regulatory processes that modulate adiponectin production and the mechanisms involved in nuclear factor kB (NF-kB) transcriptional activity in human adipocytes are not yet fully known. The aim of our study was to evaluate the interrelationships between body fat, fat distribution, systemic inflammation, insulin resistance, leptin and the serum and subcutaneous adipose tissue gene expression levels of tumor necrosis factor-alpha (TNF-a), adiponectin and the inhibitor kappa B-alpha (IkB-a), in subjects with a wide range of body mass index (BMI). We also wanted to determine which of these variables was most closely related to adiponectin gene expression and adipocyte NF-kB transcriptional power. Methods: A total of 27 women aged between 50 and 80 years, with BMI ranging from 22.1 to 53.3 kg/m 2 , were studied. In all subjects BMI, waist circumference, body composition by dual X-ray absorptometry, triglycerides, cholesterol, high-density lipoprotein cholesterol (HDL-Ch), glucose, insulin, homeostasis model assessment of insulin resistance (HOMA), high-sensitive C-reactive protein (hs-CRP), serum adiponectin, leptin and TNF-a were evaluated. Subcutaneous adipose tissue biopsies were taken from the abdomen of all subjects and the mRNA levels of adiponectin, TNF-a and IkB-a were determined. Results: BMI and waist circumference were associated positively with leptin, HOMA, and hs-CRP, and negatively with HDL-Ch; waist was also associated with adiponectin and IkB-a mRNA. HOMA was negatively associated with serum adiponectin and adiponectin mRNA. Hs-CRP was negatively associated with IkB-a mRNA, and was positively associated with HOMA.
Introduction
Several studies have demonstrated association between obesity, in particular visceral obesity, and inflammation. 1, 2 It has been shown that not all obese subjects have high levels of C-reactive protein (CRP), but only those who are insulin resistant, 3 suggesting a strong link between insulin resistance and inflammation. Adipose tissue expresses several genes that encode secretory proteins with a wide range of effects: 4 increasing evidence supports the idea that adipocyte secretory products are involved in the mechanism that links obesity and insulin resistance, with some worsening insulin sensitivity and others improving it. 4 Furthermore, some of these adipocytokines have a proinflammatory action, whereas others are anti-inflammatory. 4, 5 Adiponectin is a relatively recently discovered adipose tissuespecific protein, it is insulin-sensitizing, has an anti-inflammatory action [4] [5] [6] [7] and its plasma concentration is lower in obese than in lean subjects. [4] [5] [6] 8 The association between adiponectin and insulin sensitivity is stronger than that between adiponectin and adiposity. 9 A negative association has been observed between adiponectin and CRP. 10, 11 The relationship between inflammation markers, insulin resistance, leptin, abdominal obesity and adiponectin gene expression is still under debate. These relations seem to be particularly relevant, because it has been recently demonstrated that adiponectin may act as a local inflammatory regulator in the subcutaneous adipocytes of male pigs, where it acts by inhibiting the nuclear factor kB (NF-kB). 12 NF-kB is retained in the cytoplasm through interactions with inhibitory proteins of the inhibitory factor kappa B (IkB) family. 13, 14 In response to a wide variety of cellular stimuli, IkB-a is dissociated from the NF-kB complex and then proteolitically degraded. This process involves phosphorylation of IkB-a by members of the IkB-kinase (IKK) family. Degradation of IkB-a leads to 'activation' of NF-kB, which is defined as translocation of the NF-kB complex from the cytoplasm to the nucleus. Once in the nucleus, NF-kB binds specific promoter elements of DNA and induces transcription of relevant genes, including pro-inflammatory cytokines, several chemokines and many vascular endothelial cell adhesion molecules 13, 14 ( Figure 1 ).
It has been shown that inflammatory stimuli such as endotoxin and cytokines induce an increase in intranuclear NF-kB, whereas anti-inflammatory agents cause an increase in IkB-a expression and protein level. 15, 16 However, the mechanisms that regulate NF-kB activity in human adipocytes are still unknown. It is possible to hypothesize that adiponectin may have local anti-inflammatory effect through increasing expression and protein level of IkB-a in the adipocyte.
The aim of our study was to evaluate the inter-relationships between body fat, fat distribution, systemic inflammation, insulin resistance, leptin and the serum and subcutaneous adipose tissue gene expression levels of TNF-a, adiponectin and IkB-a, in subjects with a wide range of body mass index (BMI), and to determine which of these variables most closely relates to adiponectin gene expression and adipocyte NF-kB transcriptional power.
To evaluate systemic inflammation we measured hs-CRP, a well-accepted surrogate, whereas NF-kB activity was evaluated by determining the gene expression of its cytoplasmatic inhibitor IkB-a.
Methods
Subjects A total of 27 women aged between 50 and 80 years, with body mass indexes (BMI) ranging from 22.1 to 53.3 kg/m 2 , were studied.
All subjects had been in good general health, as determined by a complete medical history, physical examination as well as a normal blood count, chemical screening battery and urine analysis. All individuals had been weight-stable over the previous 6 months and had no evidence of cancer, liver, renal or thyroid disease. Seven women had impaired glucose tolerance and two women had type 2 diabetes, according to the American Diabetes Association criteria. 17 None of the subjects received insulin, thiazolidinediones, any hypoglycemic or lipid lowering drug, or used antiinflammatory medications regularly. They were all postmenopausal and were not on hormonal replacement therapy. None of the participants was regularly engaged in physical activities.
All participants gave their informed consent and the ethical committee of our university approved the experimental protocol.
Anthropometric measurements
With the subjects wearing light indoor clothes and no shoes, body weight was measured to the nearest 0.1 kg (Salus scale, Milan, Italy), and height to the nearest 0.5 cm using a ). Waist circumference was obtained with a measuring tape as the minimum circumference between the xyphoid process and the umbilicus.
Body composition assessment
Body composition was measured using dual-energy X-ray absorptiometry (DXA) (Hologic QDR 4500, Waltham, MA, USA) array beam System Software Version 11.1.
The characteristics and physical concepts of DXA measurement have been described elsewhere. 18 Quality-assurance tests were performed daily, according to the manufacturer's directions. All scans were subsequently analysed by a single trained investigator. Total body fat was expressed in kg (FM) and as a percentage of body weight (FM%). Lean soft-tissue mass (FFM) was considered as total body mass minus the sum of total body fat and bone mass and expressed in kg. The coefficient of variation (CV) for double determination in 11 subjects (women aged 66-77 years) was 1% for FM, 2.3% for FM% and 1.3% for FFM.
Biochemical analyses
Venous blood samples for all metabolic assessments were obtained after overnight fasting. Plasma glucose was measured using a glucose analyzer (Beckman Instruments Inc., Palo Alto, CA, USA). The intra-assay CV was 1.5%. Plasma immune-reactive insulin underwent duplicate measurements by double-antibody radioimmunoassay using a commercial kit (Diagnostic Products Corp., Los Angeles, CA, USA). Sensitivity was 6 pmol/l and the intra-assay CV was 4.9%.
Insulin resistance was estimated with the HOMA (homeostasis model assessment of insulin resistance) method. 19 Cholesterol and triglyceride levels were determined using a Technicon Auto analyzer (Technicon Inc., Co., Tarrytown, NY, USA ) and dextran-magnesium precipitation was used to separate high-density lipoprotein (HDL).
Serum leptin was measured using a specific ELISA kit (DBC-Diagnostic Biochem Canada Inc., London, Ontario, CA). Sensitivity was 0.5 ng/ml and the intra-assay and interassay CVs were 7.4 and 9.6%, respectively. Serum adiponectin was measured using a commercially available ELISA kit (Linco Research Inc., St Charles, MO, USA). Sensitivity was 0.5 ng/ml and the intra-assay and interassay CVs were 7.4 and 8.4%, respectively. Serum TNF-a was measured using a commercially available kit (Medical Systems) with the chemoilluminescence method; sensitivity 1.7 pg/ml, the intra-assay and interassay CVs were 3.6 and 6.5%, respectively.
Hs-CRP was measured with the immunoturbidimetric method. The detection threshold was 0.5 mg/l. The reference interval was 3 mg/l. The analytic variability was 5%.
Fat biopsies and mRNA extraction Adipose tissue biopsies were taken in the morning after an overnight fast from the subcutaneous abdominal region (periumbilically). Biopsies were taken by needle aspiration. Adipose tissue was washed thoroughly with isotonic saline and then frozen for later RNA extraction.
Real time-PCR (RT-PCR) permits the quantification of adiponectin, IkB-a and TNF-a RNAs. Briefly, total RNA was extracted using an RNeasy Mini Kit (Qiagen, GMBH, Hilden, Germany) and was reverse-transcribed using the IScript cDNA Synthesis Kit (Bio-Rad, Hercules, CA, USA). RT-PCR was performed using an iCycler thermocycler (Bio-Rad, Hercules, CA, USA) using the IQSYBR Green PCR SuperMix (Bio-Rad, Hercules, CA, USA) and 300 pmol/ml of each primer pair. Amplification conditions were as follows: 951C for 5 min, 50 cycles of 951C for 30 s, 601C for 30 s, and 721C for 30 s. Primers were designed and optimized with regard to primer dimers, self priming, miss priming and amplicon length using the commercial software Beacon Design 4.0 (Premier Biosoft International, Palo Alto, CA, USA). All primers were designed to have a similar GC content and to anneal at an equal temperature of 601C. Primers were supplied by MWG Biotech AG (Ebersberg, Germany). The results were quantified as Ct values, where Ct is defined as the threshold cycle of the PCR at which the amplified product is first detected, and expressed as the ratio of target to control (b-actin).
Statistical analysis
Results are shown as means 7s.d. Log transformations were performed for non-normal variables. The Pearson correlation was used to test the association between variables.
Stepdown and stepwise multiple regression analyses were used to test the joint effects of independent variables respectively on adiponectin and IkB-a gene expression.
Owing to the large number of tests conducted for correlation analyses, a significant level of Po0.01 for statistical significance was adopted for all the variables. All statistical analyses were performed using the SPSS statistical package (SPSS Inc., Chicago, ILL, USA). 20 
Results
The main characteristics of the study sample are shown in Table 1 . Table 2 shows the matrix correlation between anthropometric, FM% by DXA, metabolic variables, hs-CRP, serum adiponectin, leptin, TNF-a, and the mRNA levels of adiponectin, TNF-a and IkB-a.
BMI and waist circumference were associated positively with leptin, HOMA and hs-CRP, and negatively with HDLCh. Waist was also negatively associated with adiponectin and IkB-a mRNA. HOMA was negatively associated with HDL-Ch, serum adiponectin, adiponectin mRNA, and
positively associated with leptin. Hs-CRP was negatively associated with serum HDL-Ch and IkB-a mRNA, whereas it was positively associated with HOMA.
Step-down multiple regression analysis was performed to determine the combined effects of BMI, waist circumference, triglycerides, HDL-Ch, HOMA, hs-CRP, leptin, serum and TNFa mRNA on adiponectin gene expression: waist and leptin were both included in the best fitting regression equation for predicting adiponectin gene expression (R 2 ¼ 0.403, P ¼ 0.006) ( Table 3) .
Stepwise multiple regression analysis was performed, considering IkB-a mRNA as a dependent variable and all variables related with IkB-a in bivariate analyses (BMI, waist circumference, HDL-Ch, HOMA, hs-CRP and adiponectin mRNA) as independent variables. Adiponectin mRNA was the only variable to enter the regression (R 2 ¼ 0.406, Po0.001).
Discussion
Our study shows that abdominal adiposity is positively associated with insulin resistance and hs-CRP, and negatively with adiponectin mRNA, as well as with adipocyte IkB-a mRNA levels that have been shown to reflect the degree of NF-kB transcriptional power. More importantly, our findings suggest that both abdominal adiposity and leptin are independent predictors of adiponectin gene expression. Moreover, our study shows that in human adipocytes, adiponectin gene expression is the only variable independently associated with IkB-a mRNA. 
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There is a growing body of evidence that demonstrates the relevance of adiponectin on inflammation and insulin sensitivity. [4] [5] [6] Our findings of a negative association between waist circumference and mRNA levels of adiponectin are in line with previous reports that showed adiponectin gene expression to be lower in obese subjects with abdominal obesity than in those with subcutaneous obesity. 2, 4, 5, 21 As expected, and in agreement with previous reports, 22, 23 we observed a significant association between BMI, waist and insulin resistance as assessed by HOMA, as well as between BMI, waist and hs-CRP. 1, 24 A strong association between inflammation and obesity has been previously observed 1 and high levels of hs-CRP were reported in 35% of men and 60% of women with a BMI higher than 30 kg/m 2 . Thus, although many obese subjects show increased levels of hs-CRP, this is not always the case. It has been suggested that the occurrence of insulin resistance may be one of the reasons why obese subjects show high levels of inflammation markers. 3 Actually, the negative association between waist and adiponectin mRNA, adiponectin mRNA levels and HOMA, and the positive association between hs-CRP and HOMA, could imply that adiponectin may be the link between abdominal obesity, insulin resistance and inflammation. Therefore it is very important to study the mechanisms that regulate adiponectin gene expression. When we performed a step-down multiple regression analysis using BMI, waist, triglycerides, HDL-Ch, HOMA, hs-CRP, leptin, serum and mRNA levels of TNF-a as independent variables and adiponectin gene expression as dependent variable, only waist circumference and leptin (with down-and upregulatory effects, respectively) were included in the best-fitting regression equation and accounted for 40% of adiponectin gene expression variance. Insulin resistance, as assessed by HOMA, was the last variable to be removed from the backward model in our subjects. These findings seem to suggest a lack of independent association between insulin resistance as assessed by HOMA and adiponectin gene expression, and are apparently in disagreement with in vitro experiments performed by Fasshauer et al., 25 who showed that adiponectin gene expression was downregulated by insulin. On the contrary, Lihn et al., 26 observed that adiponectin mRNA levels are positively correlated with insulin sensitivity in healthy subjects, but not in first degree relatives of type 2 diabetes patients suggesting that this lack of regulation could be a consequence of the insulin resistance status of first degree relatives of type 2 diabetes patients. However, our findings of an independent association between leptin and waist with adiponectin gene expression are very interesting. A few in vitro studies have shown either no relation between leptin and adiponectin gene expression or indeed a negative correlation, 27, 28 but upregulation of adiponectin gene expression by leptin has been also hypothesized. 6 In our subjects leptin levels were significantly associated with both HOMA and waist circumference whereas the association between leptin and adiponectin gene expression appeared only after adjusting for waist (r ¼ 0.48, P ¼ 0.016).
Our data also seem to suggest that adiponectin gene expression is positively associated with IkB-a, which is known to control NF-kB transcriptional activity. In our subjects IkB-a mRNA was associated negatively with waist and hs-CRP, and positively with adiponectin gene expression. In the stepwise multiple regression analysis performed using IkB-a mRNA as a dependent variable, adiponectin mRNA was the only variable to enter the regression, explaining 40% of the variance. These findings complement and expand previous reports. 7, 12 In fact, it has been previously shown that adiponectin may inhibit endothelial NF-kB signaling 7 and that adiponectin may regulate inflammation in pig adipocytes through the partial inhibition of the NF-kB transcription factor. 12 It has been recently suggested that adipocyte NF-kB activity may play a relevant role in controlling inflammation as well as metabolic alterations associated with obesity. Thus, the significant independent relationship between adiponectin gene expression and IkB-a mRNA observed in our subjects suggests that when adiponectin gene expression is high, there is a higher expression of IkB-a and an inhibition of NF-kB transcriptional activity with lower inflammation at the adipocyte level.
Study limitations
Some limitations of our study should be recognized. First, we tested IkB-a mRNA instead of its activity. Thus, our findings of low IkB-a mRNA in obese subjects should be interpreted with caution, and confirmed by an evaluation of both IkB-a activity and mRNA, as well as by NF-kB activation measures. However, it has been recently shown that using RT-PCR to measure IkB-a mRNA is a powerful method to quantify the transcriptional power of NF-kB. 29 Second, we evaluated insulin resistance using HOMA, a well-accepted surrogate useful in clinical studies. One could imagine, however, that the role of insulin resistance on adiponectin gene expression may have been more relevant if we had used more sophisticated methods to assess insulin sensitivity. Third, our results of a significant association between adiponectin and IkB-a may show only a linkage Table 3 Step-down multiple regression analysis using adiponectin mRNA as dependent variable and 1 BMI, waist, triglycerides, HDL-Ch, HOMA, hs-CRP, leptin, serum and mRNA of TNF-alpha as independent variables (women, n ¼ 27) 
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M Zamboni et al between variables, not causality. Thus our hypothesis of a local adipocyte anti-inflammatory action of adiponectin through inhibition of NF-kB activation needs to be confirmed by further studies, aimed at evaluating a cause-effect relation.
In conclusion, our study clearly shows that waist circumference is positively associated with insulin resistance and hs-CRP, and negatively with adiponectin mRNA and adipocyte IkB-a and, hence, with NF-kB transcriptional power. Further, our findings show that both abdominal adiposity and leptin are independent predictors of adiponectin gene expression; they also suggest that in human adipocytes, adiponectin gene expression is strongly related to IkB-a mRNA.
